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Fl oati ng Gas-to-Liquids Technol ogy Unl ocks Difficult Reserves

May 31 - Ol & Gas Investor -

Devel opnent of miniaturized gas-to-liquid technology is noving
toward shi pboard applications for remote fields and
i nfrastructure- poor areas.

Floating liquefied natural gas (FLNG facilities are a type of
floating production, storage and offl oadi ng (FPSO) system for
natural gas rather than oil. The FLNG concept has been in the

i ndustry in one formor another for several decades. In fact, the
first plant was installed on a river barge in southern Louisiana
in 1951. However, an FLNG facility has never been utilized

of f shore.

Li quefi ed natural gas (LNG technol ogy has evol ved consi derably
during the past 50 years, resulting in nore efficient and smaller
LNG facilities. This evolution is lending itself to
mniaturization required for a floating LNG facility. Inside
Shel |, FLNG technology is considered to be at the project ready
st age, meani ng enough research and devel opnent has been conduct ed
that the concept is ready to go into detail ed engi neering design
for a specific project in the near future.

Det ai | ed engi neering design would be performed to construct an
FLNG facility specific to, anmobng other things, the feedgas that
woul d be avail able, the amount of liquid associated with the field
such as crude and condensates and i ssues surroundi ng the sea state
in which the FLNG facility woul d be noored.

The FING facility is ship-shape and simlar in size to an FPSO.
Li ke an FF"SO, subsea wells would be connected to the FING
facility. It would have a turret-type nooring system at the bow,
all owi ng the vessel to weathervane into the wind and waves.

Al so, |ike FPSOs today, an FLNG facility could be redepl oyed to
other fields when the field project is depleted. Extensive Shel
research indicates the health and

safety profile of an FLNG facility is simlar to the best North
Sea platforns and FPSOs worldwide. In fact, FLNG facilities may be
i nherently safer than an FPSO, since gas treatnent equipnment is

cl osest to the bow while crew accommpdations are | ocated at the
stem Also, use of electric conmpressor drivers rather than the
standard gas turbine direct drive conpressors onshore are safer in
of fshore applications and provide inproved redundancy and ease of
mai nt enance.

One advant age of applying LNG technol ogy to offshore facilities is
the two-way technol ogy street. Sone of the technol ogy enabling
FLNG can be applied to onshore plants as well, resulting in | ower
costs of the onshore facility plus nore efficient operations.

Two potential areas for Shel



An FLNG facility is not an alternative application everywhere in
the world. What inpacts cost savings nost is the ability to
elimnate noving the gas ashore via pipeline and then building an
onshore plant. However, if the host country has good | oca
infrastructure and | ow costs, the onshore plant will remain a
viable alternative as long as the offshore gas is not too renpte.

Two areas Shell is exanmining for the possible first use of FLNG
facilities are offshore Nami bia in western Africa and in the Tinor
Sea between | ndonesia and Australia. Since seas are rougher toward
the southern tip of Africa, loading Ilikely would take place in a
tandem arrangenent during harsh weather periods. In the nore

beni gn Tinor Sea, a standard LNG vessel side-by-side |oading
arrangenent woul d provide reliable year round access.

Shell, while working toward the possible application of FLNG
facilities in these two areas, has not yet nmade a final investnent
decision, as there are nmany other issues to be considered.

In the possible Tinmor Sea application, the FLNG facility could be
moored as far as 248 mles (400 km) offshore. In this case,
utilizing an FLNG facility is driven predoninately by cost. "The
advantage is having a single floating facility that services both
producti on processing needs as well as gas liquefaction, LNG
storage and offloading," said Rob Ryan, vice president of gas
busi ness devel opnent for Shell E&P. This is conpared with the
alternative of an offshore devel opnent, plus a 248 niles (400-kmn
pi peline to an onshore processing plant with LNG storage and an
export term nal

"The advantage in such a case where you are quite renote is
obvi ous and the cost savings will often determ ne project
viability.

There are other potential applications in Australia, and West
Africa is also considered a good area for FLNG application in the
near term" Ryan said.

There are, of course other nuch harsher netocean environnents that
could eventually end up with FLNG facilities as the technology is
depl oyed and operating confidence and experience is gained during
the next 10 years or nore.

There al so are areas that while easily acceptable froma technica
per spective, probably woul d not be cost-effective FLNG
applications due to the amount of transportation infrastructure
already in place. This is true for nost of the Gulf of Mexico,
where even in deepwater, nost new devel opments woul d not be very
far fromexisting gas infrastructure.

Reduced to fit

"The evolution in the LNG i ndustry, particularly in the way Shel
designs its LNG facilities, is what has essentially enabled a
floating application," Ryan said.

A key building bl ock was the devel opment of our proprietary Dua
M xed Refrigerant process. This devel opnment reduced the overal



equi pnent count of the |iquefaction process by about 30% and has
the particul ar of fshore advantage of not requiring the propane
cycle.”

The Dual M xed Refrigerant (DWVR) process is a Shell proprietary
process conbi ning plant sinplification and enhanced safety. This
technol ogy al so has the advantage of operating on nore flexible
speci fications regarding feedgas and refrigerant.

For offshore facilities, DVMR is self-contained, nmeaning it
generates its own refrigerants on the FLNG facility. DMR does not
require the initial fill and replenishment of costly propane
produced onshore and then transported to the FLNG facility.

Eli m nati ng the use of propane and butane storage and export in
Shel I's FLNG desi gn al so enhances safety.

The refrigerant consists of two process strings sharing certain
conponents, which results in further cost savings, smaller

equi pnent and a certain amount of redundancy. Shoul d one
conpressor need to be taken off line, the entire liquefaction unit
does not have to be shut down but instead can operate at a reduced
I evel while repair or maintenance is being perforned.

The DMR al so reduces carbon di oxi de eni ssions by 40% when conpar ed
with the well-known cascade process and by 20% conpared with the
comon propane precool ed m xed refrigerant process.

The future: G| and gas processing facilities in one?

One concept maturing inside Shell deals with an oil field
solution, where the oil reserves and associ ated natural gas
production is often too small to justify both a dedi cated FLNG
facility and an FPSO. Re-injecting the gas is expensive and in
some cases nmmy not be practical given the reservoir conditions.

Flaring the gas also is not an option.

"Shel|l believes the answer is a unique conbination of FPSO and

FLNG technology in a single floating facility that accommpdat es
the oil production along with a smaller LNG train to handle the
associ ated gas," Ryan said.

Shell has matured this concept to the point they are ready to
commence pre-FEED (Front End Engi neering and Design) studies with
a focus on a couple of potential West Africa applications.

"The key enabler for our Floating Ol and Natural Gas sol ution
called FONG is its unique product managenent system for which
Patent applications were filed in late 2001," Ryan said.

The well stream fluids are processed and treated to store and
export only two products, crude oil and LNG wi thout the need for
flaring or separate LPG (propane and butane) storage and

of f | oadi ng.

The LNG process is simlar to peak shaver plant designs with
nitrogen refrigerant to provide a low risk small-scale plant that



TOP

can be installed on an FPSO. The FONG vessel is simlar in size to
a FLNG and contains storage for 1.4 mllion bbl of crude oil and
160, 000 cu mof LNG This ensures the LNG could still be | oaded
out to a standard LNG tanker. The innovative FONG solution, with
its unique product nmanagenent system enabl es econoni c devel opnment
of a greater range of oil accunulations in nore difficult

envi ronnents than possible with FPSO and gas injection solutions
al one.

What ever the configuration, the devel opnment of FLNG and FONG are
significant steps forward to greater range of oil and gas
accurul ati ons in deeper and nore renote offshore | ocations.

Shel | ' s extensive experience and in-house expertise in FPSOs and
decades of experience manufacturing, storing and transporting LNG
means its FLNG concepts are technically sound. It is likely
Shell's concept will becone reality in only a few short years.
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